[1] Policymakers wanting to increase protection of the Great Barrier Reef from pollutants generated by agriculture need to identify when measures to improve water quality generate benefits to society that outweigh the costs involved. The research reported in this paper makes a contribution in several ways. First, it uses the improved science understanding about the links between management changes and reef health to bring together the analysis of costs and benefits of marginal changes, helping to demonstrate the appropriate way of addressing policy questions relating to reef protection. Second, it uses the scientific relationships to frame a choice experiment to value the benefits of improved reef health, with the results of mixed logit (random parameter) models linking improvements explicitly to changes in ''water quality units.'' Third, the research demonstrates how protection values are consistent across a broader population, with some limited evidence of distance effects. Fourth, the information on marginal costs and benefits that are reported provide policymakers with information to help improve management decisions. The results indicate that while there is potential for water quality improvements to generate net benefits, high cost water quality improvements are generally uneconomic. A major policy implication is that cost thresholds for key pollutants should be set to avoid more expensive water quality proposals being selected.
Introduction
[2] The Great Barrier Reef (GBR) is one of the healthiest coral reef ecosystems in the world, but its condition has declined significantly since European settlement [Furnas, 2003] . The 2009 GBR outlook report identifies declining water quality from catchment runoff as a priority issue [Great Barrier Reef Marine Park Authority (GBRMPA) , 2009], with agriculture being the main source of emissions [Furnas, 2003; GBRMPA, 2009 ]. An important policy issue in Australia is to determine if the public benefits of reducing emissions in agricultural runoff to improve the health of the GBR are sufficiently large to outweigh the costs involved. However, while significant public funds are being allocated to achieving better water quality outcomes, there is limited economic and ecological information available to guide policymakers in their funding decisions.
[3] The information required to estimate the costs and benefits of providing water quality improvements in the GBR is deficient in three main ways. The first issue is the limited scientific knowledge about how changes in pollutant loads and water quality will generate improvements in reef health. A number of studies have highlighted the negative impacts on the GBR from excessive sediment and nutrient loads in terrestrial runoff [Furnas, 2003; Fabricius, 2005; Fabricius and De'ath, 2004; McKergow et al., 2005; Brodie et al., 2007; Haynes et al., 2007; De'ath and Fabricius, 2010] . Nonetheless, determining a direct causal relationship between changes in sediments and nutrients entering the GBR and coral health has been elusive and controversial. De'ath and Fabricius [2010] have recently provided evidence that directly links these pollutants to the health of coral reefs, providing key information needed to frame an economic analysis.
[4] The second limiting factor has been a lack of valuation studies that value improvements in the condition of the GBR generally or the flow-on effects of water quality improvements specifically. The focus of most valuation studies within the region has been on recreation activities [e.g., Carr and Mendelsohn, 2003] , with few studies that report nonuse values for protection of the GBR [Hundloe et al., 1987; Windle and Rolfe, 2005] . In the absence of any more accurate or recent studies, Oxford Economics [2009] extrapolated the results of Hundloe et al. [1987] and Windle and Rolfe [2005] to estimate total nonuse values of protection. However, the source studies are narrowly focused and dated, and there is no marginal value analysis to link protection values to water quality changes. Only two studies can be identified which relate values to changes in water quality [Kragt et al., 2009; Prayaga et al., 2010] , and both of these focus only on recreation.
[5] The third gap is that there is little economic information about the costs of improving water quality from agricultural systems, particularly in extensive beef grazing and intensive sugarcane production. Information about pollutant reduction costs is not directly available from markets, so these costs need to be inferred from bio-economic models of farm production systems, or estimated from related market transactions. There are few bio-economic studies relevant to GBR water quality issues. MacLeod and McIvor [2007] detail some of the production and environmental tradeoffs from rangeland grazing in catchment areas, and Roebling et al. [2009] estimated the cost of reducing nutrients from cane production in the Herbert River system. Related market transactions are also limited, with most government payments to improve water quality being transferred in grant mechanisms where no direct relationship between the funding involved and the associated pollution reductions can be observed. However, there have been a limited number of water quality tenders in the GBR, where associated costs of reducing sediment and nutrient emissions in different agricultural industries have been revealed as part of the tender process [Rolfe and Windle, 2011] .
[6] The focus of the research reported in this article is to estimate values for the benefits of improved water quality with the choice modeling technique, and to then compare the benefits with the costs of reducing agricultural emissions. This paper makes an important contribution to the literature in three important ways. First, it presents one of the first attempts to represent a change in the condition of an environmental good in a valuation scenario in terms of both inputs and outputs, and in doing so, being able to elicit values for both. Second, it provides benefit estimates for reductions in sediment and nutrient emissions, essentially identifying values for pollutant reductions that lead to improvements in environmental conditions. Third, it matches the benefit estimates with equivalent cost data so that the marginal tradeoffs for additional levels of improvement can be assessed.
[7] The article is structured as follows. Section 2 presents an overview of water quality issues in the GBR, followed by a description of the design and performance of the choice experiment in section 3. Results of the valuation survey are presented in section 4, and the comparison to the estimates of costs is shown in section 5. Conclusions are drawn in section 6.
Water Quality and Coral Health in the GBR
[8] The GBR has a complex interdependent relationship with the adjacent river catchments. A number of rivers discharge into the GBR lagoon, draining 423,070 km 2 which is 25% of the landmass of Queensland [Furnas, 2003] (Figure 1 ). While the GBR has been exposed to nutrients and sediment in natural runoff prior to Australian colonization, evidence indicates that since European settlement, land-based activities within the GBR catchment area 
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have adversely impacted the water quality entering the GBR, particularly during flood events. In particular, Furnas [2003] suggests that there has been: a four-to ninefold increase in the quantities of sediment entering the GBR; a three-to 15-fold increase of phosphorus; and a two-to fourfold increase in total nitrogen inputs.
[9] Marine monitoring data from 2004 to 2006 indicates that 80% of the rivers monitored exceeded Queensland Water Quality Guideline values for most nutrients and suspended sediment concentrations [Prange et al., 2007] .
[10] The agricultural sector dominates land use in the GBR catchment area, occupying $80% of the area. Sediment and nutrient emissions in agricultural runoff (from grazing, farming, and irrigation activities) have been identified as the major contributors to poor water quality [Furnas, 2003; GBRMPA, 2009] . Degradation of inshore coral reefs due to poor water quality is a major issue and negative impacts on the GBR from excessive sediment and nutrient loads in terrestrial runoff are widely known [Fabricius, 2005; Woolridge et al., 2006; Woolridge, 2009; De'ath and Fabricius, 2010] . However, there has been limited causal evidence to directly link a reduction in agricultural emissions to potential improvement in coral health.
[11] Recently, De'ath and Fabricius [2010] have established a direct link between poor water quality and a decline in the richness of hard and soft corals across different geographical areas of the GBR, using water clarity and chlorophyll as measures of water quality. Water clarity is associated with turbidity and sediment loads, while chlorophyll concentration is highly correlated with suspended solids, particulate nitrogen and particulate phosphorous [Fabricius and De'ath, 2004] . They modeled the relationships between large-scale data on water clarity (from 4067 water quality stations) and chlorophyll (from 2058 chlorophyll stations) and four measures of reef status : the cover of macroalgae, the taxonomic richness of hard corals, and the taxonomic richness of phototrophic and heterotrophic octocorals (soft corals and sea fans). Boosted regression trees were applied to model complex nonlinear multiplicative relationships between the biotic responses and the environmental and spatial predictors along the whole Great Barrier Reef. The results enabled De'ath and Fabricius [2010] to predict potential ecosystem changes should water quality of the GBR be improved to meet the guideline values proposed by the Queensland Government.
[12] De'ath and Fabricius [2010] identified that of the 2833 main reef bodies in the GBR, 647 (22.8%) failed to meet the proposed water quality guidelines, having water clarity of <10 m Secchi disk depth and chlorophyll levels of >0.45 lg L
À1
. These reefs were mainly located in inshore areas. De'ath and Fabricius predicted that improving water quality by minimizing agricultural runoff could increase the average species richness of hard corals from 68.8 to 77.8 species (16.0% increase), while that of phototrophic octocorals would increase from 10.2 to 13.5 genera (33.5% increase). The authors estimated that up to 46% of variation in species richness would be directly attributable to water quality improvements, with spatial effects accounting for the remainder [De'ath and Fabricius, 2010] .
[13] The predictive model of De'ath and Fabricius [2010] provides a link between potential reductions in agricultural runoff and the health of inshore coral reefs. The predictions suggest that the maximum benefit from water quality improvements in agriculture would result in a 12% average improvement in coral richness in the inshore GBR area, estimated as the average increase in richness (between 16% and 33%) by 46% of predicted variation from water quality improvements. The estimate has been rounded to 12% for ease of application in the choice experiment to value the benefits of improved reef health. [14] The choice experiment was designed to assess community values for reduced agricultural emissions that would improve water quality and therefore improve coral health in the GBR. Major tasks in designing a choice experiment are to identify the key attributes of interest, frame those attributes into a scenario where monetary tradeoffs are realistic, and identify the appropriate range and levels for each attribute. For this experiment, the relevant attribute of interest was the area of inshore reefs in good condition in 25 years, which was directly related to improvements in water quality. Respondents were, in effect, evaluating a double-defined environmental good, which included an input (reduced emissions) and an output (better coral health), as well as the linkage element between them (improved water quality).
Choice Modeling Case Study
[15] Encapsulating the intricacies of a complex ecological process into a realistic stated preference valuation scenario presents many challenges [Christie et al., 2006; Boyd and Krupnick, 2009] . Previous attempts to communicate impacts of water quality in concise ways have included the use of water quality ladders [e.g., Carson and Mitchell, 1993] , effects on species ladders [e.g., Bateman et al., 2005] , and indicator attributes such as water clarity [e.g., Kosenius, 2010] . In this study, changes in inputs were presented in the survey in terms of ''water quality units.'' Each unit was defined as a 1% reduction in the emissions above pre-European settlement levels of pollutant runoff across the GBR catchments. For convenience, each unit was rounded to 100,000 t of sediment, 200 t of nitrogen, and 46 t of phosphorus reduction. One hundred water quality units would therefore result in the maximum possible improvement in water quality. It was not realistic to believe it would be possible to return to pre-European settlement emission levels and so it was assumed that it would only be possible to achieve a 75% reduction in emissions.
[16] The maximum benefits of improving water quality in inshore areas were assessed as a 12% improvement in coral health. This reflected a conservative estimate of the benefits indicated by De'ath and Fabricius [2010] , taking into account that other pressures from direct uses of the GBR and climate change would still exist, as well as recognition that there may be limited improvement in a 25 year time period. Because a maximum reduction of 75% of pollutants was considered feasible in policy terms, a maximum output of a 9% improvement in coral health was presented as achievable in the survey. An additional attribute about the certainty of outcomes was included in the choice sets to communicate the lack of precision about the estimates of future outcomes.
[17] Responses to the choice modeling valuation surveys were collected from four groups: coastal GBR communities (regional towns in the GBR catchment area from Bundaberg to Cairns), Brisbane, the state capital located outside the GBR catchment area, and Melbourne and Perth, two more distant capital cities located 1370 and 3600 km from Brisbane, respectively ( Figure 1 ).
[18] The valuation linkage embedded in the survey meant that careful attention was paid to the information that framed the valuation context. The survey was tested at a number of focus groups for validation. There were several important points to convey in the survey (Figure 2 ):
[19] 1. The location of the GBR and catchments ( Figure 1 ) was shown to respondents.
[20] 2. It was explained that there are different pressures on the GBR that can lead to poor reef condition which include:
Figure 2. Background information presented to respondents.
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land-based activities: impacts of low water quality coming mainly from agricultural runoff over a very large catchment area; ocean-based activities: impacts of tourism, recreational use, fishing, and shipping; and natural events and climate change: impacts from major flooding and cyclones and other events such as coral bleaching and outbreaks of the crown-of-thorns starfish.
[21] 3. There are three main types of management actions that could be implemented to help address the pressures: improving water quality from land-based activities, increasing the area of conservation zones to address oceanbased pressures, and reducing greenhouse gas emissions to address climate change. Information was provided in the survey to indicate that improving water quality is likely to have the most benefit in helping protect the health of the GBR. This is because it affects the inshore areas of the GBR that are under the most threat from human activities ; a large area (33%) of the GBR has already been protected under conservation zones and it will be difficult and slow to address climate change issues.
[22] 4. Water quality issues are dominated by sediment (soils) and nutrients (from soils and fertilizers) in runoff, derived mainly from agriculture (grazing and cropping) from $80% of the land use in the GBR catchment area. Annual runoff from GBR catchments contains an estimated 14.4 M t À1 of soil. This is about 10 M t À1 of soils more than in pre-European times.
[23] 5. The benefits of improved water quality would be seen in the inshore areas of the GBR where most of the impact occurs.
[24] 6. There is some uncertainty surrounding the benefits of improving water quality as there are many other factors that can affect the health of the GBR. There is also some uncertainty over the timing of improvements as they may not occur for 10 to 15 years.
[25] 7. The government could introduce additional protection measures, but these would involve higher costs through: increased taxes by commonwealth or state governments, higher rate payments to local councils, and higher prices for goods and services as farmers and businesses meet tighter environmental standards.
[26] The choice set design included a future base status quo option (which outlined conditions in 25 years if no further funding was provided and had no associated cost) and three alternative improvement options that had an associated cost. The use of an annual payment stream was chosen as preferable over a lump sum (1 year) payment to avoid potential budget constraints and because protection measures for the GBR will involve annual costs. The selection of the 5 year payment stream rather than a longer one was chosen to avoid risks that respondents would heavily discount payment burdens that occurred in the distant future, and to match government spending programs that were occurring over the next 5 years.
[27] The main attribute in the choice set was a combined water quality improvement/coral health attribute. Respondents were informed that water quality improvements were described in the survey as units, where one water quality improvement unit means an annual reduction of: sediment : 100,000 t of soil (about 40 olympic-size swimming pools) plus nutrients: 200 t nitrogen þ 46 t phosphorus.
[28] Current and future coral condition levels were drawn from three local reef areas near Cairns, Townsville, and the Capricorn Coast [Rolfe and Windle, 2010a] . The average condition for these inshore reefs on current trends was predicted to fall from 68.3% currently in good health to 50% in good health in 25 years time, caused by a range of different factors. For the choice scenarios, it was assumed that up to 9% of the decline could be averted by a 75% reduction in pollutant loads. The level of outcome certainty around these predictions was set at 80% in the future base scenario, ranging down to 50% for improvement options. The cost variable was set with a zero payment for the future base scenario, and ranged up to $500/year (for 5 years) in the additional improvement options. The bid vector was set with information from focus groups about the potential bids that respondents might consider and levels that would act as choke prices, as well as information about potential costs involved in improving protection levels.
[29] Details of the attribute descriptions and levels are presented in Table 1 and an example choice set is provided in Figure 3 . Four choice alternatives, including a status quo option, were included in each set. The use of four alternatives was consistent with choice experiment practices [e.g., Caussade et al., 2005] and matched the survey format in other parallel experiments conducted by the researchers.
[30] A D-efficient experimental design, containing 12 choice sets, was created using the Ngene software (available at http://www.choice-metrics.com/download.html). The design was blocked into two versions so that each respondent was assigned a random block of six choice sets.
[31] A total of 614 surveys were collected from an Internet panel held by an external provider between September and October 2010. It is difficult to estimate precise response rates from the Internet panel because the set sample size (150 responses per population group), age, and gender segmentation quotas were reached before all panelists had an opportunity to respond. In the three capital cities, 5962 e-mails were sent out to a sample of the Internet panel members, with 842 people responding before the survey was closed. Of those, 381 were ''screened out'' because they did not meet the segmentation criteria (quotas were already full), 89 started but did not complete the survey, and 452 people completed the survey. In the GBR coastal communities sample, 5005 e-mails were sent out inviting respondents to participate : 322 were ''screened out'' because they did not meet the segmentation criteria, 32 started but did not complete the survey, and 148 completed the survey.
[32] There is a risk that the small samples used did not accurately reflect the population of interest. The summary of socio-demographic characteristics of survey respondents (Table 2) show that the samples were reasonably well aligned with those of the population in terms of gender, age, and income levels, but education levels were higher for the sample than the population. The Brisbane sample was also slightly more skewed in favor of females and younger people. There was no significant difference (Pearson's 2 cross tabulation at 5%) across locations in terms of gender, education, or income. There were significantly more respondents who had children in the GBR communities and there was a difference in the age of respondents with a lower average age in the Brisbane sample (analysis of variance [ANOVA], significant at 1%).
Results of the Valuation Study
[33] The results are presented in two subsections. In section 4, the results from the choice models and willingnessto-pay (WTP) estimates of protection benefits are presented using mixed logit models. These results provide value estimates of the benefits of water quality improvements, which are then compared to the costs in section 5. In section 5, more information is provided about the extent to which respondents focused on different elements in the valuation scenario, with feedback from follow-up questions also presented. 
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Choice Modeling Results
[34] Mixed logit (random parameter) models were developed for each of the four location samples to take into account the panel nature of the data and heterogeneity between respondents. Error component models were also estimated for this purpose, and generated similar results (but are not reported further in this paper). Details of the attribute descriptions and levels were presented in Table 1 and other model variables are explained in Table 3 .
[35] In all models presented in this section, the same utility function has been estimated for each of the split samples. The five main socio-demographic variables (Table 3) were included in all of the models whether or not they were significant, and were modeled to explain the choice of the base or status quo alternative. The alternate specific constant (ASC) was modeled against the status quo option and captured other reasons why respondents may have chosen the status quo option as well as unexplained errors in the model. It was the only variable that was randomized to reflect its role in identifying the heterogeneity of decisions about whether to support a protection option or not. The utility functions for the status quo and alternatives are shown as follows:
[36] The model results are presented in Table 4 .
[37] The models for all of the population samples are significant (high 2 values) and the cost and water quality attributes are significant and signed as expected. Both higher levels of water quality and lower levels of cost are consistently preferred across the models. The certainty attribute is not significant in any of the models, as discussed further in section 4.2. All of the models are well fitting with relatively high McFadden pseudo R 2 square values and low Akaike Information Criterion (AIC) values.
[38] The socio-demographic variables had some influence on the choice of the status quo option in the GBR coastal communities sample, but were generally of little significance across the other samples. The income variable was only significant in the two Queensland samples, suggesting some respondents outside the GBR region were not fully considering their budgetary limitations, perhaps indicating an increased use of heuristics in the choice process. The ASCs are only significant in the Brisbane model, indicating there were no significant unobserved or unexplained reasons underlying respondents' choice selection in the other locations. In contrast, the very high and significant ASC value in Brisbane meant there were unexplained reasons why Brisbane respondents favored the selection of the status quo option. While this may be partly a consequence of the small sample size, it may also have been driven by related stories in the local press on environmental or financial factors that influenced the respondents in unexpected ways.
[39] The WTP estimates for a one unit improvement in water quality (Figure 4) were calculated by dividing the cost coefficient by the attribute coefficient as follows:
[40] The 95% confidence intervals were estimated from 1000 draws using the Krinsky-Robb [Krinsky and Robb, 1986] procedure. As expected, the WTP estimates are the highest for the GBR coastal communities, and also as expected, there is little difference in the values of Melbourne and Perth respondents. The unexpected result is the low WTP estimate from the Brisbane sample. There is a similar range in confidence intervals across locations, although they are somewhat tighter in the Brisbane sample. procedure, which calculates the proportion of differences greater than zero, indicates there is no significant difference (at the 5% level) between the values held by GBR coastal communities and the Melbourne sample or between the Melbourne and Perth samples, but there is a difference between the other sample estimates.
[41] The results above focus on values for water quality improvements. The valuation context also elicited values for percentage and absolute (per square kilometer) improvements in coral health. The WTP estimates for all three valuations are presented in Table 5 .
Processing the Choice Information
[42] In Table 5 , WTP values are presented for both an output (an improvement in the health of coral reefs) and an input (a water quality improvement in terms of reduced sediment and nutrient loads). Follow-up questions were used to clarify the extent to which respondents focused on the input, outputs, or both. In addition, it is important to understand how the complexity of the valuation scenario affected the respondents' behavior and to assess the potential impact on WTP estimates. These factors are explored in section 4.2.
[43] The study results are characterized by the high incidence of status quo selection, which may be an indication about the complexity of the choice task [Boxall et al., 2009] . This option was selected 40% of the time across all choice sets. In many cases the selection was associated with serial nonparticipation, with 38%, 37%, 27%, and 34% of respondents from the GBR coast, Brisbane, Melbourne, and Perth, respectively, always selecting the status quo option. There was no significant difference in the status quo selection between the different locations. The high rate of serial nonparticipation suggests that task complexity did cause a higher proportion of respondents to select the status quo, which means these respondents may have selected an improvement option if the choice task had been simpler. The consequence of this is to lower the overall WTP estimates, as a higher proportion were selecting the no-cost option.
[44] The other indication of choice complexity lies in the lack of significance of the certainty attribute in all of the population samples (Table 4) . It is possible that the complexity of assessing the input/output attribute absorbed the full attention of respondents and they were unable to make any further tradeoffs between those and uncertainty. It is also possible that respondents found the certainty attribute to be consistent with their broad expectations about the likely variations in outputs, and hence did not consider it further in their assessment of the options.
[45] The valuation context involved a link between agricultural emissions, water quality, and the health of coral reefs. In a series of follow-up questions respondents were asked about the extent to which they considered each of these aspects in their choice section. No significant differences were identified across locations in the responses to these questions. First, respondents were asked if their main focus was on the water quality units and/or on the condition of the coral reefs. The large majority of respondents (64%) focused on a mixture of both ( Figure 5 ).
[46] Respondents were then asked about the extent to which they considered the information about sediment and nutrient reductions contained in each water quality improvement unit when making their choice selection. More than 90% of the respondents were at least aware of the emissions information, even if they only gave it occasional consideration. Nearly one-third of respondents (30%) said they were aware of and often considered the information (Figure 6 ). These results indicate that the majority of respondents considered both inputs and outputs when making their choices.
This confirms that the careful attention paid to framing and explaining linkages in the survey had to a large extent been successful.
[47] The last follow-up question asked for feedback about the choice scenarios, where respondents were asked to score a series of questions from 1 ¼ strongly agree to 5 ¼ strongly disagree. The mean scores are presented in Table 6 with a score <3.0 implying some level of agreement and >3.0 implying some level of disagreement. In general, respondents agreed that they were confident they had made the right choices (a) (with fewer people in agreement in the Melbourne sample) and that the options were credible (d). They generally disagreed that cost was not an important factor in their choice selection (f) (with a stronger level of disagreement in Brisbane). There was also general agreement that respondents had considered their budgetary limitations and thought about how much they could afford to pay (g).
Comparing the Benefits and Costs of Improving Water Quality
[48] To test the efficiency of improving water quality by reducing agricultural emissions, the marginal benefits of each 1% reduction in pollutants need to be compared to the costs of making those marginal reductions. The use of ''water quality units'' in the choice experiment has allowed the benefit values of improved reef health to be directly related to pollutant changes. The results indicate that survey respondents (households) were WTP between $2.40 (in Brisbane) and $5.55 (in GBR coastal communities) annually, for each unit of water quality improvement in the GBR catchment area.
[49] Two potential participation rates of 70% and 90% were used to extrapolate values from the sample to the Figure 5 . Respondents' consideration of coral reef condition and/or water quality improvements. relevant population, based on a response rate of >80% in a similar paper-based version of the survey where accurate response rates were recorded [Rolfe and Windle, 2010b] . In each extrapolation exercise it was also assumed that 70% of people in the rest of the state held the same values as those in the capital city. The values for the remainder of the Australian population were estimated in two ways: as an average of the Melbourne and Perth values (assuming the low values in Brisbane were an anomaly), and as an average of all three capital city values (assuming the low Brisbane values were not an anomaly). These values aggregate to a total annual benefit of between $19.9 M and $23.6 M (Table 7) for an annual reduction of 100,000 t of sediment, plus 200 t of nitrogen, and 46 t of phosphorus.
[50] Estimates of the cost of reducing agricultural emissions are drawn from Rolfe and Windle [2011] , who summarized data from four pilot water quality tenders implemented across different industries and regions in the GBR catchment area. In all of the programs, successful landholders were provided with public funds to implement projects designed to reduce emissions in agricultural runoff to improve water quality entering the GBR. The programs were implemented as tenders, which meant landholders were competing against each other on the basis of cost effective outcomes. The information gathered from these programs reveals the actual costs incurred by the government to achieve quantifiable water quality outcomes, and reflects the opportunity costs of landholders to make management changes. The results demonstrate that the costs of improving water quality through changed agricultural management practices vary substantially across producers, agricultural sectors, and catchments, with the costs of annual reductions in sediment ranging from $1.62 to $89.22/t, nitrogen from $0.23 to $4.56/kg, and phosphorus from $1.78 to $10.80/kg [Rolfe and Windle, 2011] .
[51] As the water quality tenders were smaller-scale pilot trials, they may have attracted participation from the more engaged and efficient landholders, and not be fully reflective of the opportunity costs across all landholders. To account for this, both the mean and the highest value for reducing each pollutant type were used in the extrapolation process. The comparison of benefits and costs for marginal improvements in water quality needed to be standardized across time frames and discount rates. The benefits were assessed in terms of annual payments for 5 years to generate improvements for 25 years. The costs were assessed as the annual cost of making changes over a 25 year period. The results over three indicative discount rates are shown in Table 8 . These results indicate that the marginal benefits of each one unit change in water quality improvements range between $66.7 M and $102.4 M, while the marginal costs range from $34.3 M to $145.6 M.
Discussion and Conclusion
[52] A major challenge for policymakers managing the GBR in Australia is to identify when measures to improve water quality generate net benefits to society. In an Figure 6 . Respondents' consideration of the soil and nutrient reduction information. economic setting, these questions can be evaluated by comparing the marginal benefits of improving reef health against the marginal costs of the additional protection measures [Birol et al., 2006] . This type of analysis has been limited in the past because of three information gaps: scientific information to link management changes to improved reef health, values for improved reef health, and information about the costs of making management changes.
[53] The research reported in this article contributes in several ways. First, it uses the improved science understanding about the links between management changes and reef health to bring together the analysis of costs and benefits of marginal changes, helping to demonstrate the appropriate way of addressing policy questions relating to reef protection. Second, it uses the scientific relationships to frame a choice experiment to value the benefits of improved reef health, and links improvements explicitly to changes in ''water quality units.'' Third, the research demonstrates how protection values are consistent across a broader population, with some limited evidence of distance effects. Fourth, the information on marginal costs and benefits that are reported provide policymakers with information to help improve management decisions.
[54] The use of ''water quality units'' in the choice experiment to explain the link between input measures and outputs had particular advantages. It linked benefit estimates to water quality changes, helped respondents to be aware of the input changes needed for each level of output, and may have made the surveys more comprehensive and believable. It may also have minimized potential problems of doublecounting where people may have expressed values for both improved water quality and improved reef health without considering that the former is a prior condition for the latter.
[55] The results of the assessment of benefits and costs in the analysis indicate that the public benefit of reducing agricultural emissions is broadly equivalent to the opportunity cost to landholders of achieving these gains. The public benefit over 25 years of reducing each 1% of emissions (100,000 t of sediment, 200 t of nitrogen, and 46 t of phosphorus) ranges between $66.7 M and $102.2 M, depending on discount rates and extrapolation issues. In comparison, the approximate cost to landholders of achieving each 1% reduction for 25 years was assessed at between $34.4 M and $145.6 M, depending on discount rates and whether average or high cost estimates were used. The results indicate that while there is potential for water quality improvements to generate net benefits, high cost water quality improvements are generally uneconomic. One implication for policymakers is that funding benchmarks for major pollutants should be set below the upper unit funding levels reported by Rolfe and Windle [2011] .
[56] Caveats to note with this exploratory research are that sample sizes are not large, tests for preference stability over time have not been conducted, and that it is difficult to extrapolate response rates accurately from an Internet panel survey to a population. We also note that there are additional questions about how respondents may have framed or treated the uncertainty attribute in the choice sets, even though the coefficient for this attribute indicates that it was not a significant influence on choices. Further research to estimate both benefits and costs of reef protection are needed to provide more detailed information and analysis, and to help identify more accurately which water quality improvement measures should be pursued.
